The motion equations of matter in the gravitational field, acceleration field, pressure field and other fields are considered based on the field theory. This enables us to derive simple formulas in the framework of the gravitational equilibrium model, which allow us to estimate the physical parameters of cosmic bodies. The acceleration field coefficient  and the pressure field coefficient  are a function of the state of matter, and their sum is close in magnitude to the gravitational constant G . In the presented model the dependence is found of the internal temperature and pressure on the current radius. The central temperatures and pressures are calculated for the Earth and the Sun, for a typical neutron star and a white dwarf. The heat flux and the thermal conductivity coefficient of the matter of these objects are found, and the formula for estimating the entropy is provided. All the quantities are compared with the calculation results in different models of cosmic bodies. The discovered good agreement with these data proves the effectiveness and universality of the proposed model for estimating the parameters of planets and stars and for more precise calculation of physical quantities.
Introduction
The most accurate models of cosmic objects include detailed numerical calculations of certain internal structures (the solid or liquid core, shell, convective zone) with the use of equations of the state of different phases of matter and acting fields. For compact objects it is necessary to take into account the quantum and relativistic effects.
However, physics has in store the models that allow us to quickly estimate the characteristic parameters of planets and stars based only on the observable data, such as radius, luminosity, spectrum, surface temperature, gravitational redshift, asteroseismology data, etc. A well-known example is a polytropic model, in which the gas pressure is related to the mass density by a polytrope at the constant thermal capacity of the matter [1] [2] [3] . With polytropic index 3 n  and 3/ 2 n  the model gives the correct order of such quantities as the central density, temperature, pressure, potential gravitational energy and a number of other quantities.
White dwarfs are objects, in which the electron gas degenerates and makes the major contribution to the pressure in the matter. For neutron stars, the same is true for the neutron gas. There is a well-known simple calculation of the state of matter in white dwarfs and neutron stars, based on the equality of the gravitational energy and quantum mechanical energy and providing the typical values of the masses and radii of these objects. A more detailed analysis leads to the Chandrasekhar limit [4] [5] as the greatest mass of a white dwarf, beyond which it becomes a neutron star.
In [6] the structure of compact stars is modeled by solving the equation of hydrostatic equilibrium by parameterization of the mass density dependence on the radius. This leads to the dependence of the masses and radii of the objects on the central density and the dependence of the pressure on the radius, expressed in terms of the gamma-function and the hypergeometric function.
The natural drawbacks of the above-mentioned approaches are the limited range of application or the low accuracy of predictions of physical quantities and the internal structure of objects.
Next, we will present the model of gravitational equilibrium, which is based on the field theory. In order to illustrate the possibilities of this model, we will calculate some physical parameters of a number of objects and will compare them with the results of calculations 4 made by other authors. The positive aspect of the proposed approach is its universality, which allows applying it to any cosmic objects. In addition, this model provides very simple formulas to estimate the parameters of planets and stars at minimum of necessary assumptions.
The model description
In the model of gravitational equilibrium it is assumed that the corresponding object (planet, star) is in a state when the processes of energy exchange between the gravitational field and other fields have finished in it. From a theoretical point of view, all the fields acting in cosmic objects can be viewed as the components of a single general field [7] . In addition to the gravitational field, which is the main component, contribution to the general field can also be made by the electromagnetic field, pressure field, acceleration field, dissipation field, strong interaction field, weak interaction field, as well as other fields in the matter of the objects under consideration. At equilibrium, all the fields are relatively independent, because the energy fluxes between the fields and the matter on the average tend to zero. The expression for the general field equations follows from the principle of least action:
where s  is the general field tensor,  is the general field coefficient,
is the Levi-Civita symbol or completely antisymmetric unit tensor,
is the mass four-current, 0  is the mass density in the reference frame associated with the particle, 5 c dx u ds    is the four-velocity of a point particle, c is the speed of light.
Since the general field tensor is the sum of tensors of particular fields, then the equations of any field can be represented in the form of (1) after the respective substitution of the field tensor, the constant of this field and the four-current. A characteristic feature of (1) is the fact that the equations of the general field and of each particular field have the form of Maxwell equations for the electromagnetic field, written in a covariant form in the curved space for non-inertial reference frames.
The acceleration field and the temperature
The equations of the acceleration field according to (1) have the following form [8] :
where u  is the acceleration field tensor,  is the acceleration field coefficient.
The tensor u  includes the vector components S and N , which can be found by the rule:
where the indices ,, i j k form a triples of non-recurring numbers of the form 1,2,3 or 3,1,2 or 2,3,1; the three-vectors S and N can be expanded into the components:
For simplicity, we will consider equations (2) in the flat Minkowski space, that is, within the framework of the special theory of relativity. In this case, equations (2) 
With the help of the vectors S and N we can form an acceleration four-vector, characteristic of the body particles moving at the velocity v and having the Lorentz factor  :
A gravitationally bound body usually has a spherical shape, so that the four-acceleration a  with a covariant index will be a certain coordinate function. The vectors S and N also allow us to calculate the stress-energy tensor of the acceleration field B  and the vector The main reason that the acceleration field of the matter particles has its own energy density, energy flux density and field strength is the gravitation force. Under the action of this force the gradients of pressure, temperature, mass density and other quantities are formed in cosmic bodies. The closer to the center of the body we approach, the higher the temperature 7 and, consequently, the average velocity of the particles and the value of the four-velocity become. For a single particle, the four-potential of the acceleration field is the covariant fourvelocity c dx dx u cg ds ds      of this particle. However, in case of a set of closely interacting particles it is not so -in the total four-potential of the system's acceleration field 
In article [10], the concept of acceleration field allowed us to calculate the relativistic energy of the system of particles and the gravitational mass of the system; and in [11] it allowed us to derive the relativistic Navier-Stokes equations for viscous charged matter, taking into account the pressure field and dissipation field.
Since in the definition u u u u u 
In (7) 
where the Lorentz factor 
so that as the current radius r inside the sphere increases while moving from the center to the periphery of the sphere, the velocity v of the particles decreases.
Assuming that the velocity v is the root mean square velocity of the particles, and taking into account its relation to the kinetic temperature in the form of 
where c T is the temperature at the center of the sphere, u m is the mass of one gas particle, () Mr is the mass within the current radius r .
From (11) it follows that the temperature inside the cosmic bodies in the first approximation decreases parabolically, depending on the square of the radius of the observation point. Assuming in (11) that at the body radius rR  the body mass is equal to () M R M  , and neglecting the surface temperature () TR, we find the formula for the temperature in the center of the body:
The pressure field
The four-potential of the pressure field for one particle is found by multiplying the function depending on the pressure and density by the covariant four-velocity [8] [9] , [12]: For a system of particles, (13) can also be considered valid, but u  should be considered not as the four-velocity of an individual particle, but as the four-velocity averaged with respect to some ensemble of particles near the observation point.
The equations of the pressure field according to (1) are as follows:
where f  is the pressure field tensor,  is the pressure field coefficient.
The tensor f  is the result of applying the four-curl to the four-potential   : 
here the tensor components are the components of the strength vector C and the solenoidal vector I of the pressure field.
In Minkowski space, equations of the pressure field (14) are considerably simplified:
It is sufficient to know the vectors C and I in order to determine the stress-energy tensor P  , the vector of the energy flux density F of the pressure field and the pressure force density in the matter.
Substituting (15) into (14) gives the wave equation for the four-potential of the pressure field:
In case of a self-gravitating system of particles without rotation, which occupies a spherical volume, equation (18) and its solution for the scalar potential in view of (9) is reduced to the following: 
Since there is a relation 0 p   , at a constant density the solution of (19) is transformed into the dependence of the pressure inside the system:
In large cosmic bodies the pressure on the surface at rR  is rather low and we can neglect it in (20). Then, to estimate the pressure in the center of the body we obtain a simple formula:
The gravitational field and the equation of motion of matter
The equations of the gravitational field in the covariant theory of gravitation [13] [14] [15] [16] correspond in their form to (1):
where Φ  is the gravitational field tensor, which includes the components of the gravitational strength vector Γ and the solenoidal vector Ω of the torsion field: 
. This equality can be written in vector notation as follows:
In Minkowski space, the mass density 
If in (22) we turn from the tensor Φ  to the four-potential D  , we will obtain the wave equation:
In Minkowski space, this equation falls into two equations for the potentials of the gravitational field:
If the system of particles does not move in space as a whole and has no general rotation, the scalar potential inside the body at a constant mass density in view of (9) is defined by the formula:
In the concept of the general field [7] the equation of motion of matter is as follows:
where a  is the four-acceleration in the curved space, F  is the electromagnetic tensor, (5) is reduced to the following:
where the vectors X , L and Q denote the strengths of the dissipation field, strong interaction field and weak interaction field, respectively, and the vectors Y , μ and π are the solenoidal vectors of these fields.
If we consider the equation of motion in Minkowski space and take into account only the gravitation, the acceleration field and the pressure field, then in the static case we can assume
. In view of (23) and (25) we have the following:
The pressure field strength is given by the formula: t
, and if the vector potential is 0  Π , then using (19) we find the following: . For a non-rotating body both the vector potential U and the solenoidal vector   NU are equal to zero. In this case, using (8-9) inside the body we find the following:
Substituting Γ , C and S in (27) in the absence of other fields, we obtain the equality for the field strengths and the relation for the field coefficients:
Outside the system, near its border, we can assume that () M r M  , rR  , and there is a gravitational force acting on a certain test particle, but the pressure tends to zero due to the low mass density. Then in (31) we should assume 0  C , and the gravitational field strength Γ will determine the centripetal acceleration of individual particles, rotating around the system. In the non-relativistic case, this can be written as: 
The kinetic temperature s T refers to the kinetic energy of the particles during their rotation around the system and it should exceed the average temperature T of the gas of these particles, which is the measure of the gas thermal energy near the system.
The best conditions for (32) to hold must be in gas clouds, for example, in Bok globules, small dark cosmic clouds of gas and dust. In [17] it was found that the radius of a typical globule is 0.35 parsecs, the mass is 11 Solar masses, and the recorded temperature of dust in some globules can reach 26 K.
Assuming in (32) that u m is equal to an atomic mass unit, we find the temperature of particles on the surface for a typical globule:
 , and taking into account equation (6) for  , the temperature in the center of the globule is of the order of 22 K, which is close enough to the observations.
Using (32) 
Meanwhile, modelling of the cosmic objects is usually based on the so-called hydrostatic equilibrium equation, which has the following form without corrections of the general theory of relativity:
We see that (34) corresponds to (33) with the difference that in (33) the mass density 0  is under the gradient sign together with the pressure. At constant density both expressions are equivalent, but since the density is usually a function of the radius, expressions (33) and (34) do not fully coincide. In the event of noticeable rotation of the object, in (27) we should take into account the non-zero torsion field vector Ω and the solenoidal vector I of the pressure field, then hydrostatic equation (34) becomes even more inaccurate.
The case of non-uniform density
In [7] and [9], we made estimates of the temperature and pressure in the center of various cosmic objects by formulas (12) and (21), and we obtained quite a good agreement with the models of stars, planets and gas clouds. In this section, we plan to increase the accuracy of our calculations.
In (11) and (20) the density was assumed to be a constant, although the temperature and pressure vary within wide ranges approximately quadratically. In general, when solving the 20 wave equations (8) and (19) we should take into account that the density is also a certain function of the radius. We will continue to use the following approximation:
Substituting (35) 
It is convenient to seek the solution of this differential equation in the form of a series with constant coefficients:
... 
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In (37) we can neglect the term , and passing on in (37) from the Lorentz factor to the velocities and then to the temperature, we can now specify (11) for the temperature dependence: 
In order to specify the pressure dependence, in (19) we will replace Yr  and will substitute (35) and ( 
We will seek the solution of equation (39) 
The term (40) can be neglected.
As we can see, the coefficients A and B in the density-radius dependence (35) make additional contribution into the dependences of the temperature (38) and the pressure field potential (40) on the current radius.
The temperature and pressure estimates
We will calculate the volume-averaged mass density by integrating (35) with respect to the radius from zero to the body's radius R : 
In (38) and (40) we will assume rR  and substitute there 
In (43) 
In this relation, the density at the center 0c  can be expressed using (41) 
The number of terms in (44) is greater than in (21) 
On the other hand, the standard expression for the pressure in view of the radiation pressure has the following form:
where 24 33 15 k a c   is the radiation density constant,  is the number of nucleons per ionized gas particle, so that the gas particle can be an atom, ion, electron or a single nucleon, depending on its state. we assume the temperature at the center equal to 6000 K, from (42) 2 10  kg/m 3 , according to [24] . In view of (41) from the density-radius dependence in [25] the coefficients follow in relation (35) Since the main sequence stars are much larger in size than white dwarfs and neutron stars, the density variation in dependence (35) moving from the core to the stellar surface is very large, and two terms are not enough for acceptable accuracy. Therefore, we will turn from the model of the Sun as a whole to the model of its core, which is much more uniform. The core radius is estimated at the value, which is five times less than the radius of the Sun, the core mass is equal to 0.34 S M , the pressure on the core surface is not less than 
Thermal conductivity
According to the model of stellar evolution, all of the main sequence stars over time turn into white dwarfs and neutron stars. It is assumed that in compact stars there are no observable sources of internal energy, associated with nuclear transformations. As a result, after formation white dwarfs and neutron stars have to cool down slowly over many billions of years.
The surface temperatures of some of the observed hot white dwarfs reach 150 000 K, and the surface of cooled white dwarfs has a temperature below 4000 K. The respective luminosities corresponding to these temperatures are 0.01 , and cooling down up to 4000 K takes about 12 billion years [29] . To characterize the heat propagation inside a star we will consider a phenomenological differential heat-flux equation, describing the Fourier's law of thermal conduction:
In (48), the energy flux density vector h is proportional to the thermal conduction coefficient  and the temperature gradient.
In the considered model of gravitational equilibrium, a star or planet cannot cool down infinitely. Indeed, the temperature distribution (38) was derived by us based on the fact that 29 the gravitational field was counteracted by the acceleration field and pressure field. The equilibrium state must be maintained at any time, as well after the star cools down. Suppose that the observed cooled white dwarfs are in such a state that the temperature distribution in them is close to the equilibrium distribution (38) . Substituting the temperature-radius dependence (38) into (48) [30] , which is one of the highest experimental values for the known substances.
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The temperature of the surface of neutron stars can be [34] , which leads to the thermal conduction coefficient of 155   W/(m·K). According to [35] , the thermal conduction coefficient in the core of the Earth must be 37 W/(m·K), corresponding to the thermal conductivity of iron, on the core-mantle boundary  is reduced to 16.4 W/(m·K) [36] , and the thermal conductivity of the shell should be almost an order of magnitude less.
The value we found 155   W/(m·K) is greater than the expected value for the shell of the Earth, which can be attributed to inaccuracy of measuring the density using two coefficients. In addition, we did not take into account in the calculation that a significant part of the thermal energy inside the Earth was generated due to the radioactive decay of certain isotopes.
If we repeat all the calculations only for the outer core of the Earth, with its radius of 3480 km, mass of 24 1.9354 10  kg and the supposed total core's heat flux of 10.6 TW, according to [36] , then with the coefficients the matter density should be specified in (35) with much greater accuracy and all the sources of thermal energy should be taken into account. This is even more important for modelling the main sequence stars and the Sun.
Entropy
Planets and stars consist of molecules, atoms, ions, electrons, and as for the white dwarfs and neutron stars the list of basic matter particles also includes the atomic nuclei and individual nucleons. For multicomponent systems the specific entropy per one matter nucleon is calculated by summing up for each type of particles, and taking into account the radiation entropy according to [37] it looks as follows: We will apply relation (50) to the case of a monatomic neutral gas without taking into account the contribution of the electrons: By definition, the increment of the specific entropy is given by the formula: 
Conclusion
In the presented model of gravitational equilibrium, an important role is played by the acceleration field and the pressure field. The equations of these fields (2) and (14)  . Using the values of these coefficients, we determine the temperature and pressure at the center of various objects -in Bok globules, inside the Earth, the Sun, in a white dwarf and a neutron star. In addition, we obtain the estimates of the heat flux and the thermal conductivity coefficient, which characterizes this or that object, and we also estimate the entropy of a neutron star and a gas planet. The analysis of the results shows that they agree well with the data provided by other authors.
Based on the significantly higher thermal conductivity of the core and crust as compared to the shell, some authors in a number of studies suggest the existence in a typical neutron star (and a white dwarf) of an almost isothermal core with a small temperature gradient. In our approach, the temperature distribution inside a star is associated with dependence (37) for the Lorentz factor, while the high value of thermal conductivity does not play an essential role and cannot lead to the isothermal core. In turn, relation (37) follows from the wave equation of the acceleration field (7) and is determined only by the matter density distribution and the matter motion.
From the physical standpoint, (37) and the similar dependence for the pressure field potential (40) are associated with the energy distribution between the gravitational field, acceleration field and pressure field. The result of this energy distribution is a certain state of equilibrium and certain distribution of physical parameters, depending on the current radius, inside of the object under consideration. If we proceed from the Le Sage's theory of gravitation, then the actual agents, performing the gravitational contraction and equilibrium heating of matter of cosmic objects, are the fluxes of gravitons. The energy density, the crosssection of interaction between the graviton field and the nucleon matter, as well as other parameters can be calculated based on the fact that the action of graviton fluxes should lead to the Newton's law of universal gravitation [40] [41] .
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The universality of the gravitational equilibrium model is ensured by the fact that the field equations can be applied to any objects, regardless of their state of matter. A certain restriction is the need for a detailed representation of the mass density distribution in order to obtain accurate results, however the same is required in any other approaches, including the commonly used polytropic model. As a rule, to estimate the mass density distribution the measurement of the velocities of longitudinal and transverse seismic waves is used, as well as the correspondence between the radial distribution of mass density and the total body mass and its moment of inertia.
Another restriction is the use in formula (42) of the atomic mass unit as u m , which is permissible for the hydrogen gas and the uniform nuclear matter of nucleons. Meanwhile, in previously derived correlations (11) and (38) u m has the meaning of the mass of one gas particle, which can be different from the atomic mass unit. Thus, in white dwarfs a significant contribution into the state of matter is made by electrons, the relativistic masses of which depend on the temperature. In stars and planets there are both neutral and ionized atoms with the masses of the order of u Am , where
A is the mass number of the corresponding chemical isotope. Due to the complex composition of particles in the matter, formulas (42) for the temperature and (52) for the specific entropy need to be specified for each type of cosmic objects.
